REPLACEMENT SHEET 




START 



Immobilizing mineral is 
one or more of phosphates, 

silicates, oxides and clays 



Integrating a radionuclide or a hazardous 
element or compound with an immobilizing 
mineral to create waste integrated mineral 




200 



Creating an effective covering 
with additional minerals to 
cover the waste integrated 
mineral 




Additional minerals 
has a composition 
that is the same as or 
similar to the 
composition of 
immobilizing 
mineral 



300 



400 



Surrounding one of the waste 
integrated mineral and the 
effective covering with a 
matrix comprising one of 
rock and glass that can also 
integrate radionuclides, 
hazardous elements or 
conqjounds 



Ensuring the indigenous rock 
at the disposal site has the same 
or similar composition as the 
surrounding matrix 




END 




Rock is one or more^ 
of sienite, granitoid, 
dacate, 
andesite, basalt, 
ultrabasic rocks, 
carbonatites, 
amphibolites, 
and clays J 



Glass is one or more 

of borosilicate, 
phosphorsilicate, 
alumophosphate, 

alumosilicate, 
and natural glass 



Figure 1 
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Activation ; 
Preparing immobilizing 
mineral to accept 
radioactive or 
hazardous waste 
by treatment with 
acid, base, or heat 



Synthesis 

Mixing components 
of the immobilizing 
mineral with a solid 
or liquid waste 

containing 
radionuclides 
or hazardous 
elements or 
compounds at 
an elevated 
temperatu e 



Absorption : Contacting 
the immobilizing mineral with a 

solution containing a waste 
with radionuclides or hazardous 
elements or compounds at an 
elevated temperature 



112 



Transformation : 
Heating the resulting 
product of step 112 
to transform a less stable 
mineral to a more stable 
form 



114 



Solid State Reaction 

Heating a solid waste 
containing or mixed with 
components of the 
immobilizing 
mineral at an 
elevated temperature 




100 



210, 220, 
300, 600 



Figure 2 
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See Figure 2 












OVERGROWTH 1 

r 1 



Mixing the product of stage 100 
(or an immobilizing mineral 
otherwise integrated with 
radionuclides or hazardous 
elements or compounds) 
with flux or flux and 
crushed rock, and heating to 
an elevated temperature 



212 



Allowing an effective 
covering to form on the 
product of step 212 by 
cooling 



214 



216 



Removing the flux 



210 



300 




Figure 3 
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SINTERING 



222 



Mixing the product of stage 100 (or an immobilizing mineral 
otherwise integrated with radionuclides or hazardous 
elements or compounds) with additional immobilizing minerals, 
and heating to an elevated temperature 



Cooling the product of step 222 to produce 
a high-density ceramic in which 
crystals of the immobilizing mineral containing 
radionuclides or hazardous elements or compounds 
are surrounded by the crystals of the immobilizing 
minerals without radionuclides or hazardous 
elements or compounds 



224 



1220 



226 



Mixing the product of step 224 with additional 
immobilizing minerals and heating 
to an elevated temperature 



Cooling the product of step 226 to room temperature, 
to produce a high-density ceramic in which there 

are essentially no crystals containing radionuclides or 
hazardous elements or compounds on the surface 
of the ceramic 



228 




Figure 4 
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START 



INTEGRATION AND 
OVERGROWTH 



502 



Solid State Reaction 
Heating a solid waste 
containing or mixed with 
components of the 
immobilizing 
mineral at an 
elevated temperature 



504 



Cooling to result in crystallization of the 

mixture into one or more reacted 
mineral crystals with the radionuclides or 
hazardous elements or compounds integrated 
into the crystals. In some cases, an effective 
covering of the immobilizing mineral may 
form on the crystals 



500 



No 



508 




Yes 



Cool to 25*'C 



I I 

300 




END 



See Figure 6 



Figure 5 
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100,210, 
220, 500 



r 



309 



Optionally, 
additional waste 
that may contain 
one or more of 
radionuclides, 

hazardous 
elements, and 

hazardous 
compounds is 
added to the rock 
or glass 



SURROUNDING MATRIX 



The resulting product of stage 100, 
210, 220, or 500 is mixed with 
melted or powdered rock or glass 
that preferably contains components 
of the immobilizing mineral, 
and preferably has the same or 
similar composition as the indigenous 

rock at the disposal site, and is 
heated to a temperature that is above 

the melting point of the 
rock or glass but below the meltmg 
point of the immobilizing mineral 



310 



300 



Cooling the product of step 310 
to 25*'C resulting in a rock or 
glass matrix 



312 



Burying in 
indigenous rock 


1 





400 




END 



Figure 6 
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See Figure 2 



100 



^00 



601 



Optionally, 
additional waste 
that may contain 
one or more of 
radionuclides, 

hazardous 
elements, and 

hazardous 
compounds is 
added to the rock 
or glass 



602 



OVERGROWTH AND 
SURROUNDING MATRIX 



Mixing the product of stage 100 (or an immobilizing mineral 
otherwise integrated with radionuclides or hazardous 

elements or compounds) with crushed rock or 
glass that has components of the immobilizing mineral 
and preferably the same or similar composition as the 
indigenous rock at the disposal site 



Heating the product of step 602 to a 
temperature that is above the melting point 
of the rock or glass but below the melting 
point of the inunobilizing mineral 



604 



Cooling the product of step 604, 
resulting in the formation of an 
overgrowth and a rock or glass 
matrix with integrated waste as 
a result of step 603 



606 



608 



Cooling the product of step 
606 to 25°C 



Biuying in 
indigenous rock 



400 




END 



Figure 7 
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Figure 8 
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1002 




1004 



1006 





r 


Activate mineral 




r 



Feed 
immobilizing 
mineral to blender 



1008 



Introduce liquid 
waste 



1010 



Absorb 
radioactive and 
hazardous 
materials 



Add rock 



1012 



Transform 
mineral and melt 
rock 



1014 



Pour content into 
canister 



1016 



Overgrow effective 
covering and form rock or 
glass matrix with integrated 
solid waste 



1018 



1020 




Figure 10 



Zeolite - plagioclase transformation and covering 

Accelerating Voltage: 15 KeV Magnification: 350 

Resolution: 1024 x 1024 Pixel Size: 0.23726 microns 



Figure 11 



